Abstract-The crosslinking free radical polymerization of 1,6 hexanediol dimethacrylate in bulk in the presence of 0-40 wt % of the MMA based branched copolymer containing more than 20 mol % divinyl comonomer, triethylene glycol dimethacrylate, is studied. It is shown that the formation of polymer networks and their structural-physical characteristics may be controlled by varying the concentration of the branched copolymer and its composition. The structural-physical characteristics of the polymers containing small amounts of the branched copolymer or narrow fractions of it are estimated from the data of sol-gel analysis and the mechanical properties of the polymers. The IR spectra of the sol and gel fractions of polydimethacry lates containing PMMA d 8 additives demonstrate that macromolecules of the branched copolymer are incorporated into polymer networks via reactive pendant C=C bonds.
INTRODUCTION
The approach to the formation of polymer net works of a new type based on macromonomers, branched (co)polymers capable of chemical transfor mations via pendant C=C bonds, seems very attractive since it makes possible manufacture of products whose structure and properties are atypical for conventional network polymers. Earlier [1, 2] , this approach was shown to be promising in the case of branched (co)polymers synthesized via the controlled crosslink ing radical (co)polymerization of multifunctional monomers.
In addition, it was found that the crosslinking rad ical polymerization of dimethacrylates conducted in the presence of high concentrations of the branched copolymer based on MMA and a bifunctional comonomer, dimethacrylate (PMMA*) containing pendant C=C bonds, is an efficient way to construct polymer networks with new topological elements [3] . Along with traditional elements (microgels and small cycles), the resulting macromolecular structures con tain new branched macromolecules of PMMA* incor porated into polymer chains.
Further development of the method of obtaining polymer networks by polymerization of dimethacry lates in the presence of PMMA* involves not only triv ial control over the concentration of the branched copolymer in its mixture with dimethacrylate, but also government of its structure due to a change in the con tent and nature of the divinyl comonomer, its degree of branching, and residual unsaturation. The separation of branched polymethacrylates, which are multicom ponent mixtures of macromolecules of various com position, degree of branching (linear, branched, and high branched) [4, 5] , and functionality (the content of C=C bonds) into narrow fractions makes it possi ble, on the one hand, to determine the composition of PMMA* and estimate the physicochemical character istics of the isolated copolymers and, on the other hand, to prepare polymer networks that possess vari ous structural-physical properties different from the properties of polymers containing nonfractionated PMMA* additives, with the use of copolymers isolated from the heterogeneous product.
Therefore, it was of interest to study the crosslink ing radical polymerization of dimethacrylate and the structural-physical properties of polymer networks prepared in the presence of PMMA* with a high con tent of the divinyl comonomer and of its narrow frac tions. PMMA* and its deuterated analog PMMA* mol %) reaction mixtures in toluene was ~20 wt %. Copolymerization was carried out in a three necked flask equipped with a reflux con denser and a thermometer in a flow of argon. Experi ments were performed for 5.5 h in a thermostat heated to 80°С. The resulting PMMA* and PMMA* d 8 copolymers were precipitated from copolymer solu tions in toluene into a tenfold excess of the precipitat ing agent (hexane) and dried to a constant weight. PMMA* was fractionated by fractional precipita tion. The first fraction (PMMA* 1) was isolated by precipitation of the polymer solution in toluene into the tenfold excess of ethanol, while the second frac tion (PMMA* 2) was obtained by dissolution of the residual polymer in toluene followed by its precipita tion into the tenfold excess of hexane. A part of PMMA* dissolved in hexane was the third fraction PMMA* 3. All fractions were dried to a constant weight.
The molecular mass characteristics of the copoly mers were studied by GPC on a Waters GPCV 2000 liquid chromatograph (PS gel column, 5 µm, MIXED C, 300 × 7.5 mm) equipped with a differen tial refractometer. Calibration was done relative to PS standards. The absolute molecular masses of the poly mers were estimated by the combination of GPC and light scattering. For this purpose, a WYATT DAWN HELIOS II light scattering detector was used (λ = 658 nm); the refractive index increment was dn/dc = 0.114 ml/g. In both cases, stabilized THF was used as an eluent. Measurements were performed at 35°С; the elution rate was 1 ml/min. The experimental data were processed with the use of Astra software (version 5.3.2.20) .
The glass transition temperature of PMMA* was measured on a Mettler Toledo differential scanning calorimeter; the heating rate was 5 K/min.
The intrinsic viscosity of PMMA* and its fractions was measured with a VPZh 2 viscometer in toluene at 20°С.
The content of residual C=C bonds in branched PMMA*, PMMA* d 8 , and copolymers of PMMA* fractions was determined via ozonolysis [6] with the help of an ADS 4M double bond analyzer.
The kinetics of polymerization of HDDM in the presence of 0-40 wt % PMMA* was studied by preci sion isothermal calorimetry on a DAK 1 1 calorime ter. AIBN (6.4 × 10 -3 mol/l) was used as an initiator. The reaction mixtures were placed in glass ampoules and evacuated, and the ampoules were sealed. The kinetics of polymerization was studied in the presence of TEMPO (3-4 × 10 -4 mol/l) to avoid the spontane ous polymerization of reaction mixtures. Heat evolu tion was measured after the end of the induction period (τ ∼ 80 min). The conversion of C=C bonds and the reduced rate of copolymerization w/[M] were calculated, as described in [7] , with allowance for molar heats of polymerization for the monofunctional analog of dimethacrylate (MMA) equal to 58.8 kJ/mol.
The content of sol and gel fractions in HDDM based polymers containing PMMA* and PMMA* d 8 additives was determined by gravimetry. Polymer sam ples were extracted with boiling benzene for 20 h at 80°С in a Soxhlet extractor and dried at room temper ature to a constant weight. The structure of the poly mer isolated from the sol fraction was studied with IR spectroscopy, and its molecular mass characteristics were determined by GPC.
The IR spectra of PMMA* d 8 and sol fractions iso lated from HDDM based polymers containing PMMA* d 8 additives were measured with the use of film samples cast from chloroform; to measure the IR spectra of the gel fraction, vaseline oil suspensions were prepared.
Measurements were performed on a Specord M80 spectrophotometer.
Elastic modulus E 1 and modulus Е 2 in the forced elasticity region of polydimethacrylates containing PMMA* additives and of its fractions were estimated from stress-strain curves, which were measured in the uniaxial drawing mode at small strain rates dε/dt = 1 × 10 -4 s -1 with a high precision lever type dynamome ter designed for minisamples (~0.1 g). The glass tran
